AFFEE « tEEOMIE - BT B 2 MHEBER & KBRS 31

BTE EFAHIEIZB AN, PAMEBEZOIE

BASSRKIR CTRIEIC I » TV A ERBLIZ, FEasis
DOMAT HZRBHEICERT 5L TED, 20
REFRDO—D L LTEMMNEBINTVS, BiMtih SR
e 2 REBHEBT, BRGHEECABETEERRICE
K boEvbh Ty, BREENRAOERICKTF
TEREAPEEAILINL-TRET AHED—DLL
A B AFETIE, MIEBBMEICE I 2 RKBER (N,
P) ORFZIC>WTHRET L, WHEBR» S HIKERE
BT AR ERELL Y & L,

HBh®

1) FEHIR DR

T 131984~ 19854 12TV 87, ABWHROETFILH
B (T - BE) oK, i, MR, 2B
IOV TRETETERIEBY TH B,

1k, HRETEMINEE LTEH L,

2) KX

KK IRDE SIcEZLI, WAL LT, BKEP =
BRERP.+BZRP &, XHELT, RREBERY
Bk E Q =& HIF kS (RERIE) Qw+ B
HkR BERE) Qséd5E (B2X), ROBFEM
S ATAC N

P=Q+E - (1) ,

2, Qw=Ps, Qs=Pr—E& L7, Ol
MEEDO KK EEN S50, KOEAEHNELL AS
{, FEMMNES WIcHICTEEEN S ORI, F@
HEKIGEEAERELE VY, —F, RANDHKHERD
JUZDBEEOCEEBIIRETH-/2DT, TOKEIZO
LB LT, THDD, BkELSERERAEZLTL
ff (BRAWE) AHMFEHE L, RTFARREED
RS EESHT, AT AFRERACEED
BHEAToTo P (Pat Ps) REBHILOE 1CH
BEHKESTHEE® v & —ERBEOKREH 0%
EDE 3:: IRVeR ‘

3) BEH, VY UOIK

N, POIKIE, BHI%, RER 4£ER Fofuc
KL, BEMARRE LTR L7, UT, MrskSH
HEMRIC L BOBNR L REROWEBEICOVT
&, FHROL S EL 1,

BRIROREEHRD > b, BAAMR, BRSTRR
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() AOKRFRIEHORONETRT.

P=PzXcrt+PsXcs —(2

LTk (EEIR),

ILZEEENSDOFREAR R, MEROABTICLEZE
tEMIC 4 BHEIER F o (kgha™!) & EEIHRS &
cs {EEBIERa,. (ha) &L T (832%)

F=2(F.XcsXa,) — (3

FEEROBM~DETER (tha ') &, BEXTO
MEWMVAEE S &I, EEROBRARC (tha-ty™1),
YRy v CEZw HIEHB XTREKPICERDEREY
NEHLEE), fFEMNEME 2. (ha), B X UHBEEHEM
FOHMEBE » (ty-!) 2Eic, ZEORER

R=Z(CxfyoXa.)+Er — (4

TR (33K,

fu ol ~NEITT 2R OHBRR U IREKDKRST
BEL FHE: RORDBEOENGHEELLLHDT,
HERE L TCETEINLBICBRET ALDDOERKT,
fu=0.8, fus=05& L REBROBRSESENOHE
HHREZHE L (FEBR) . Er (ty ) B2
Er (ty™1) EBHBUHEE» S

Er=Erxgr — (B) &L

ZIT, gr=tEHOBIKEERIER (175,/365H %X 5 .2
AR ThH B,

7 ARSI & BEREROER R, RIS A AR
KHEINBA2EDT, v ARKREON#IcEEN
ZERRNEHEYS & L

—h, KEROFLAMEDIE, MEWMOAELL L
I, SBAEE L & CRRMEN DR EEN ., N (ty™ 1),
BASR B L UREHEMORSBE cr, crd b

D=Z(NexXcp)+IZ(NsXcp)+Wg — (6




38 ItmETRERBRBME 865

FE AHEEOMKE (1985)

A 4ERS

: S 2 3 4 5 6 7 8 9 10 11 12
&3 j (mm)
1985 ; | 680 320 490 158 30 23 147 100 244 139 89 670 | 1146
5L 55 49 52 (i 94 10 132 157 173 108 74 53 | 1134

HERMER B 31951~ 1980 DMK RO, OBE,

ELTHELK (EUXR),

HORKEE DR AR We 13, BOBOHER (11ha) X Ei1o
HEER (34t /ha) X BAFIAER (15%°1) & LTEH
Bl

i, B RO HEREO RO & 2 RINE I,
Bk CIRREEE & BRI S} THX D B R T, B
DUYILER - AHRNSHE LR (B535%),

IO BRI AR, REREQwE BBRHQ,
S, FRHKBEE cw (B19%), cs (B23K) 2 b
EicHRH BRI

Lv=QwXa.Xcw, Ls=QsXa.Xcs — (T

& U (3T, 39%K).

—%, REMBCES HHANRE, BRFHBE,
(t /4 - 50) X BREK (20080), Fi9EETLRS, 100ke / TH
CHEXWILE (4TH) LREEHOBRSBREN, SEL
o (36,

E:DHT, RESORRRE 3LHMRE 2 >H
i, MHANOBETLER ¢ » & Er%ELSIWTRD T,
b,

Es=Er— (Rw.n+Es») — (8

T, CHEEHEHHHEMCRD B SO & L GEI3R),
EsQ#h > DOREMREE, HEEOREKBE (519
%) %, B o>0RERKHII, BETOREMHNTNC
EDD, SAVA— S RARTREAET -7 & ZODE
KBS E2TE, KltEL) 26 EcHELL
38%, 40%). '

1) BERMOE I~ FEE R

EFUMIBE TN B ) O R &R OKEBE LT,
AR & OMEKR AT L 7 19854 DRER A & 1| D
BMRESELL (B4R,

FEik 3 AH S 1L ADIC12EFY, HABRBWIRES
NEOR LW, ERTHW, (322 Y — ME) OF
RMTHGEEHRAIEE® Itk » TR 12, ERIORHETR
3, FHEEE LTHRSS - ko) OREE LS
BIER L7858k b T, BHAIBEE ORI A L 7o 11
d (B) ##ET 5L bic, BESOKHMEDKER
ABEcy cuhbic

W=3X (WU,DXCu,dXd) _(9)

&L, ERETHREDOHREMEDEL €T IIMEN, SO
FHEOFREAMEE L, '

86, KESITIIEATERE, BARRLEY
HETIT- 1,

HEER
Z185 FFLMMEBEOKNE

EFTIIMBOERBARIZL 146mTH Y, 4ATH
EN- 1 DERRL & EBIFEERS T, BHAEIOREK
B13930m, LHAMOMERII216mTH - 72 (FEI0XK) 3,
AWEIIAD Thornthwaite Ic & BHERL S E
U 7 dtitgaE o B A R O T3 E490mn 8 © ’5_— Bl
Lo TINEHEZIT- 120

ZOHR, EPEoORHKRIZEHEIO0mEE LT
W7cdd0m, Zhiz, BMFREFOICHEET B REBRE
KiF216mEAHET, LETRESEmAFHNT S bDE
HEI NI,

Bh, #HERXEBEATRICM->Tid, BEHETH
Nk o, BEoRBEMTKEEE, £, &8
MEBRBFRHEZERBLTORAVWIERE, HLETHHE
RHTH2RREDE, HIRSEOKIGIZERICEE
THLHICIR, KRR, M, 1 HEREEOER
EREVICRF T 248, S, LEEDOS 28HEH
FTIERBETREV, ARETRIKNEZEZELRST B
BRABNBEVAREDTH 505, Bt B 2 mERR
2 EZBIATORENIELERLELLDOTH B,

LIF, CoRREZEHEKR, EFMEICEITAN,
POHHBEFEREZHE L 1.

F2® BER OVUORXE

1) REEHE

REAFRIE, BHRTIIBARCIERERS, XEF
Tkl k> ThHED SNt _
BKARIKO>WTH B E, BAKONEBER, & W
LM 1 megl' T, ETIE NH,-N &, §TR
NO;—N 2\Eh o7 (B3R, £/, PEERMAND
0. ImgL LT & &L, E>MOMEIER LI, BAKR
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EANE M - EHRICHT ARG SDA VT v b EKAMR)

B33E RRORLEARR FERET)

EH | RAR BEABE (mgl~!) R (g /BENE")
B8 N\ @/ [T-Nivo,Nwe-N P [ N [ P
M 930 | L0l ! 033 039|003 189 I
5 w6 | 1090 00 |00 4w | 2
| L1 § 235 | 8

BABERRLA. SUROTHE, XRAMMOERI20 8,
32k MR Ty b (LFEEED

OB | R ha ) EHR(e/ BENR)
X5 feH (ha) N P N P
- Ho(84.8)| 86 114 1,203 4,221
A roEQ3Y (23.0)] 105 144 2,415 1,446
7 z £ (2.0 40 165 1,000 1,801
F oy o4 4 8| 308 1,588 1,452

bk
R4 Yy oa (L8] 100 200 160 140
#no® F ¥ (L6 10 196 112 137
U\ it 62.0) 5215 4,976
& it 12,568 9,197

1L 146m A ICEHE L BRARIE, FBTN, PEX
2,375kg, 53kg (11.7, 0.3kgha™!) T&H -7,

BB, BAFORDBENMOEREY ICHRBEEH
WEZR LD, COEHRELTIE, HithtTORKER
THREPELUE TYEY MBALALIEICLEEEZS
ns,

Bk X 2RERRED S BILEIERONRIZERE
WKWRTEBVTH B, ATMEOMEITIZITILBEDOH
JEFEHESD WA TiThNTH D, IS HiigeEkD
BRI, & (84.8ha) TN, P& 47,293k,
4,221k, {1 (62.0ha) Tid5,275ke, 4,976keTH >
Too T, FEEROETICHSBARRDOAR L, N,
P& % 15,951kg, 2,909kgT, NIZDW\WTidfbapmkhic
X BEFRE - T (833%),

—%, FERIIXT 240 07y b (EUR), KE
Rl & P ORARE &b E T, N, P& 424, 154kg,
3, 830kgi#E24 L 7o

HE, EYLEERTRED0%%E DTV AR
Bt X3 NEERIZ, YZBEFEOBRPUNZICHMT S
DEREL, 2,683kgLHEE Lo

2) BrHAHR

BRI Ty NEINAEYEOE I E - T
RREH, ZACEBHENS, SIHARROKSES
INEBRABERUCLEICERE L B8 ks O—MotER, &
HTBILickdbDEABND, T2, FERDOR
£ 2RI, FIPE, RicaRIh T hxh s,

FH | Pkt | KREDR | Ak | AGRGe/REDLE)

(¢+ha 1) [ (t-ha b)) | (t) N p
AHi it E; 2,700 8,994 3,079
HEH(2ha)Re 80 64| 128 426 146
B % f(1iha)E, 270 899 308
& #l #i(62ha)R, 4.4 3.5 2,136 7,113 2,43
it 2,53 | 8,438 2,889
e®wa B | 87| s 190
28tR E. 876 | 8,637 23
# H(56ha)Re 20 10| 560| 5,522 15
8 H(11ha)E, 88 867 2
& #l  Hi1(62ha)*R4 14| 1,124 3
B 762 7,513 20
s8s & | 4| 14 3

KEHORTREBH &R I LR,
BEGERIZITSE, | HORKERE 5 BRE L THHE,

WAME FEROA Ty b (@B X UBEO

B | BE5R | EMSYEER%) | AWE(e/ RERE)

R5 ty-D] N P N P
E & f B A0 35 070 7,576 1,498
BAIE - b LT 5| 215 01 103 5
g | W= vRby b 0 260 0.2t 234 19
1 it 265 7,913 1,522
a-vy4L=v L300 LB 019 5,546 9
A% & - 000 168 0.2 4,95 826
M| % £,339 690
) ¢l 700 16, 841 2,308
B it 1,965 94,754 3,830

fEORINE T (BE35%K), WETN, P&~413,408
kg, 1,746kg, MMIE¥ITIE, N, P& %8, 321ke, 1,169
kg TH-»to TDOH, FEMTIEINZ 113kg, P 230keH X
BEOBASE LT, £/, MHITIEN, POBNES
KD22~30%1cHH2Yd B N1, 926kg, P2llkg W EER
RRFORMI & L TRHICET I TV,

—%, RERORAARR (B3R 055, Hhth
3,517t ic&E N3N, Pld&%17,631ks, 3,102k T,
BEFL (89Tt) Iz k AETRILS, 185kg, 843kgTdHh » 1o
ZON, Hitt¥hoN, PD15,951ke, 2, 909kgAh il
BTSN, BOODNI, 680k, P193kghiRFISD &
TWi (B33K).

7k, SYBRBHEAPHEIRSICK ZAMORMAT
M hip, EFROE) MLLRABBoMEER LItk
H, ThoDOBMESHORET IARBIIAREUHESE
DD EHEERINLSY,

wiz, {LFIEE B L URERRERICE > TRET
IR S D FHIT > W TR~ 5B, '
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B3vZk BROHHARR (FMRNES X URE)

T HE | &£ & wHE ZYMHOE8ER(%) Y £ (ke FRETHIIR)
W= (t) (t) N P N P
}‘ 1 & 2,883 399 179 0.26 7,134 1,036
B Mol & m| (4 229 2.11 0.31 624 110
g4.8ha | T e 628 | 13,408 1,746
N B K 250 2,113 230
' F =4 1,173 106 1. 44 0.28 1,526 297
ERAryEoay | £ (51t) 159 1.36 0.19 2,162 302
(23.0ha) | | | 265 | e 599
X0 &Y 32 1.08 0.12 346 38
F 4 118 31 3.61 0. 40 1,119 124
7 z | £ £ 1.9t) 25 1.68 0.16 420 40
* (25.0ha) R 6| L1 0.09 6 5
fd | KR B 86 45
F v ¥ A |1 B 400 89 1.39 0.21 1, 237 187
62ha| ! (10.8ha) f 2 I 37t) 30 3.10 0. 38 930 114
NV o4 Y o3 |4 ] 48 10 1.79 0.23 179 23
(1. 6ha) k-3 e (30t) 3.21 0.27 164 14
A ® F % % 48 1.91 0.28 172 25
i (16ha) (30t) ,
IR 2t X M W% 6, 395 958
: B OB W 1,926 211
& #t ' 8,321 1,169

£T/O () AikhaXih OE. REOBEZNHRS >FNOEENZEE LG &, T HISKKR. 5% i THE.

ﬁ%%ﬁ SEEECHS AR

EH | RER | BARE(mgL ) | BHE (k/HEHR)
BN (t) N P N P

| 27001 3,330 - 1,140 8,994 3,079

| IR 876 9,860 2% 8,637 23

i 3,5m 17,631 3,102

& OHrl 897 5780 940 5, 185 843

* RERG RS R, RI2gE Ly RARI00TY,
“EARGEC LTE06. 1t (ARRED T, AT 14TH,

ERLRLSY DBEH AT RIIEIT~RISRT LI, &
EHH & BBRHICKS L1389 , 208, EhHk
HHCHE S BE BRI, BTN, P& %478k, 82kg
(5.8, 1.0kgha™!), #M#1632ke, 171k (10.2, 2.8ke
ha™!) T, HEY0OAMRE, Mt >SthoMERm
EiRLice £, REHOE (HBE, 167t) »ok
BT BEMRER, N, P& 100k, 1lkgicfiX L7,

RBMRUEKDOEME & B L EHBE (823%) 3,
BN 1L 52mgL-!, P0.007TmgL-!, N3 77~
6.78mgL !, P0.006~0.017TmgL-! T, T4 5Dk
RPEZLECHEB LBEHARER, BTN, P&~

567Tkg, 3kg (6.6, <0.1lkgha='), MHHITI1,502kg, 3

HIrk BUROREREICLIFLEHFR

HH | fRtikBE (mgl-1) | HiHiE (k/BHEHE)
R4 N P N P
KR
Zih (n=16) 183,168t 2.61 0.45 478 82
#i4 (n=20) 133,920t 412 1.28 632 1M
= it ' 1,110 253

* Qu (w) X BHEEL (ha)

vk HIERSEH O OREHEIC K SHHAHR

EE | HitAKEE(mgL- )" | Wit (ke / BEMIE)
B5 N P N P
H®IEEs
REAEs 16T¢*2 597 64 100 1

SV RIROERISHHEBARE,

CERFICRLAE. RESLLT,
kg (24.2, <0.1lkgha ') TH 71 (EII9EK). F 1,
RESFOR (HEIBXR, 114t) HhoRETEINOFHE
2, 74 YA -7 ABRORARHEIE (GE27%, 29.4%)
ZERVWIAER, 330kgLEtHE N (GB0R).

R OCHERE» SHB S h A ARRIE, FHEtiso b
MIX66Lha MR U REF T HD SN TWE I LicEH
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BI9R BMROREHRHIC X AEHARE FAFE TohBRERHICKLAHHAMNE
58 | BAREmel ™ [ibe /800 %8 BHOBR | fiiGe/ B
®%  (ha) NP N P X4 N p N p
REGTE"! Bt FH (47 8ha) 2.95, 0.17(kg/ha)*! 108 8
B Mo (34.8) 373,120t | 152 0.007 567 3 REA  AEHD 14172 | 29.40)*° a0 -
ERAryEDIY (62| 678 0006 | T8 1 KR CER A S ORISR LHORARERD S,
a |7 % @0 31 0.006 115 1 2 FRLEREK, OREAELT
S q a9l s 0,017 305 1 *$540 54— 7 HBOKIEL ORIk 2HORAF LS (BUR)
A 3] (62.0) 212,800t T E
*1Q, (m) X PHHER (he)e " 2RBE DA ORESEFEET N AT L, REAWROEEME

L, YFESmEE s € 7 Utsg ERoRERTE (B4
%, N1,487kg, P1i5kg) oKDz, TOER, it
oM AERLAMRIAN, PEA2.25 017k
ha ' T, & FIUHUROMM, FEF4T 8had oHiHE
ZEMEIRN, P&4108ks, SkglitEX sz (BE40
®)o O, HHHAMEE L TREROER, REN
EZohsH, RERBICHESEBNH,-N (T-NOD
5% IS0 ) Ao ke & R ES DS EE D
NOEMRIZL, 26kg LHBE N, BH, £EROHE
HAWMRIREORAAER (N3 g, P09g/H -
AP &, EBAOEEERK (28A) 5, HEMICN,
P& 43lkg, dkgHiicha b s ohi,

E3g FIORERFE

AR RKBREALE LI A 1B, &
FOKX S VASHCHHE RROZEICE L THEER
AP L, CTITEOhEERED LI, HAKH
BTAIORBEEBR L ERE D LIC, BEBA

a1k

EloREd X OFuEaE

BRIz (BB, .

AN OHREBKUN, POBERBSHRUIBRRECS
WiEERL, EHROMENREREDL 2 4 B AN
BAICEL, HAREEGS (2548) OFEREE LR
8,660m d ' (HARIhEET220/7 nf), Fi10,150 d ™!
(&, 2585 o) T, EFLMIREHKN ZEOEMS I
FER38 At (188mnkEY) TH -7 £/, N, POR
BERRI3 R, 48Tke, 115kg, F#i3, 230kg, 302kg T,
IS DEICH YT 51743ke, 18TkgH¥E T HUE A S
HcHELAMREE L SNl

£ B

£ FLHIER O E B EREIE T ik DN B R B I
B4 27— 4% bEic, EFVMROENTR, FER
EERORFERMR & PHHAMER O~ OfER
RISV TRESIICRET L.

1) BRORE (F42E, 36D

EROEMTIC BT BRERMEIR, MK %,
ERHRA85% T, IEEHRA PR T RIBTTICAE 5 IX

(8. mgL-")

58 | gy Lt (84D) | i 00) |
B | % B[ NmE[NEEE|PEg| PEAR| & 8 |NRE NROH) PRE PANE

(A/8) 102 r+d-! L (k) () |10t ) | ()

3./21 10 4.0 L05; 42| 0.035 1 56| 219  123] 0.222] 12
4/5 10 26.2| 1641 430 0.168! 44 36.1| 4471 1,614| 04041 146
4/11 10 1.2 0.591 66| 0.0331 4 12.5| L14¢ 143 | 0.1211 15
4,/ 10 26.9| 0.83 2231 0.094] 25 38.3| 105!  402| 0.140} 54
5,/21 31 2| o4z 94| 0.027! 6 18| 043  104| 0.022! 5
6./19 30 3.9| 0.53 62| 0.015! 2 3.5| 0.821 85| 0.066! 7
/19 31 60| 0.541 101] 0.027! 5 6.8 0.541 113] 0.031 1
8./19 28 5.0 0.62] 88| 0.033] 5 40] 0.54! 61| 0,034 ! 4
8./21 3 2.7 0.8 34| 0.00] 3 8.7 18] 15| 025] 10
9,/9 30 12.7| 046!  175| 0.032! 12 151 0.61:  217| 0.062! 28
1021 31 6.0 0.39: 73| 0.016! 3 6.9 0.401 86| 0.0211 5
11/18 30 8.1| 0.411 99| 0.021" 5 9.2| 0.531 147 0.033 ! 9

3 ApiI~11A - | ; S
2B 254 2,200. 0 L 1,487 | 15| 2,578.8 | 3,230 302
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Fa2k FRONEK

, (kg -+ y 1)
j! X4} Bt % (£ © #) . s - ~
ﬁ w wmm m| Hes |mween| o 0 * &% R
= 84.8ha | 62.0ha | 47.8ha 7.6ha 202. 2ha (R BHKE 20080 28A
REEMR ATy b
- I 996 728 562 89 2375¢ N
AR S 15007 13512 28519( 85) | WEASTRL  7913( 32)
(k% FE XD 7293 5275 12568( 37) | EAfTRL  10502( 42)
(& - e 1325 7113 ] *15951( 48) | A& 4 6339( 26)
CERCE9) 6389 1124
=X E T 2683 , 2683( 8)
& 3 18686 14240 562 89 33577(100) 24754(100)
HHHARER (T RSy b '
£ E B 13408 8321 21729( 65) | 43 5185( 210 |ByA&N0%
X # o) 11295 6395 17690( 53) | # 8994( 36):|—> 15951
& ® 2113 1926 4039( 12) | R 8637( 35)
w8 1045 2134 108 89 3376( 10) 430C 2) 31
(@ # 1) 478 632 89 1199¢ 4) 100
(& & 5 1D 567 1502 108 2177¢ 6) 330
18 (NH,-N) 1426 ‘ 1426¢ 4)
& & 15879 10455 108 89 26531( 79) 23246( 94)

&h () WIEROREANROLAMEISSTThe, 24754keic T 2B E TS,

LGk

; 43 | et
| t‘

e 330 NEE, M
y
‘} l l‘ 45 17
®x & i Y [

IER 419

- R (EH - D

B E Of] | dREEEK

463 - !

83 (EEM127, KM56)

b

Gt fR202 ha 0 & OFLER R, T43kg)
HE AEMROEROEMGHILE ,857k) FbEICLASA Y5 L

(RrhOMFIRRHHEZ100& U72ig%D

ADMEEIERE LE > 720 $1, RERORERHON
i, BARRS2%, BRERKRORIK68% T, A,
SOIMABHI 1/ 3 % dishte,

5%, BHROTTRENTNARETS < A Bk
L BEROBER D ik, BANBEEL< A FKED
EHBEGITL > TRE-TL B4, YTEEMIRT I
HAMEMORIECRO ANTE D, BHFERIEL
LM ARBIE M INTHY, SHECR LS
VHDEEASNB, T, < ARKEL L BEEE
ERE A AREANOBRBESY, < A FREORIY

BEASELTHELALEZ S, REAHLED S %%
H%, RANSOERNAZMA B 52 CEELRE:
RiLTVWBIEERLT,

RAFRDREEFTD65% IMEMLEEICHS L, 20ORW
DLENRFE LTHUBMICETIh TV, $/,
KEBERTEHH21%, #36%, R\ DESIcAERa N,
TROKIN% A BUBMISEITEI N TV,

Ric, BHIRN O OBEHAM R TBIM, 045ke, M
2,134ke, Z DAutkH - [HEF108kg T, ha M7= D DFEH
RIS (34, 4kg) > B (12 3kg) > Wit + JEF (2.3




ARERT - AL#BEOMEIE - BT IC B 2WEBR LKERS 43

kg) DIET, BEHAMRRIBRERFOI0%ICHY LT,
Ft, FEZRTRAFDOERI SREATD 2 KW
HLTW, MROFHERER, fhbREKHER >R
AHHEOHEE %R L, EFRORBFEERBRL T

EIERD S OF HE3 kg2 S I HHLAR RO &I
3,83Tkg ThH Y, RMHBRICKT 2BEEE, BH83%
(Bb27%, MOMI56%), BEEMEEX1196, M 5 %,
HFEHEIK 1 % T (36D, € 7ILHIRTIEIBENEKIC
X AHHARREBLSEONIIN LEEL SN,

—7%, EFAMEBEHRENZENOFERRRITL, 743
ke THY, BRHEEHROEDLUT THo7co JDLD
BENE U0, BRERSEZPROICHEHNE TORT
BRCEFIBEORBNSEIE, £, FANOHET
BRICHT 2 BRBBENBOTVWEIIDHEEI LN
%,

BH, KRBNOERBHRBICOWVWTE, FEEICHIE
LI NH, - N DAZEXFE LN, BEICL-T
Ehh3EZRBAMAALEIOKFVEHSELEDELHOD
LEEIND,

INHAHEORER, NAERRS, TTked b HERR
26, 531kg %2 L B[\ /27, 046kg (35kg ha) ldA¥H L
BhItBELTWAbLDEELIONE, JOFTiE, H
BELTRETIERAVEEINEN, IThoZEHRDOE
Bc O WTIRET 2 eIt IRINESHEENLEICA
%,

$43%

1) DI

2) UrvOR3¥ (B4BXK, HITRD
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%%# HHER IHE ) WELE TR ENRS OZEAL

- CHNE | BABHE (%) K /Ca+Mg

HENERR(kgm- 2\ (g /pot)| N K (m. e)

0 8.1 1.46 2.72 .9
44 #l 20 8.6 1.25 3.46 19
344+ 50 15.3 1.43 a1 2.6

100 24.4 2.90 423 3.3

0 A 173 3.03 A
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KT 58bhgbEE2 B I dBhDbIELINTY N&RIZ B4R, miEs bLEAGHDIORT
50,2900 100 kg LE - 72, TEL, BAROBARICHEL TV . BHTH, B
Fro, 1BEXDRO KO ED EC RURME RDE L - REX T EC ® NH,—N OEHINE
¢, Rehd NH,—N®K, ClFic k3 BEREORLE

BTk REAREITHEOEC, NH,-NS& PRSI NBKETEL I,
(1 BRI , -
FRN_EB| EC |NH,-N| EC |NH,-N
AN (@8 - em=){(mg /10| (m - em™ 1) tme /1008) KRB .
’“4 " Y x = BREE (7T b)) cE>SEZOHBE (7Y b
0 1:07 27:5 1:65 15:2 Ty b)) ORREXS L, KERENOHI-ERDOHER
0% 20 1.93 53.6 9,50 4.1 PBRAEAZHET Do
50 3.06 99.7 2.70 174,5 SRAE
B B A BOEBAMISRLATA VA — S HBOBRE S &
10 0.9 | - 1.4 1.36 1.3 . .
| . o o b8 91 KEZOHHEBAERE, %ENE, TERESR, Hh
50 4.02 149.1 4,00 82.9 BitX4 L1,
0 0.64 0.5 0.13 - HRER :
so%| 0.89 0.3 0.41 0.1 NEHBONELELUT Y b7y hORREFBE,
10 0.93 8.7 0.50 0.4 A0 L 2.
20 1.40 53.1 0.89 11 . .
; o T i 04 NoA YTy 3R LELERPOBRSREL, TV
70% 10 0.42 0.4 0.50 1.0
20 102 3.6 0.43 0.5 .0 20 40 60 80 100(36) D 20 40 60 80 1000%)
TN
P8Rk RRHEAICHE S BRONK (3 HHERE) #0kgm? [EAEERERl 7
BRI R —
— Riokgm-: [[EERTEay
pE| % kgm 2 R (kgm~?) 50 R E RN
1 EH 10 50 10 50 CEsh) '
1v7y Mgk (gm-2)| 3.6 1580 | 150.0  750.0 2
”) 7.5 37,5
By ﬁﬁi ¢
St HHE (7 )] 109 46.3 3.6 308.3
+H% (7)Y 0.7 ULT 8.9  404.2 -2
B (” .5 31.5
x| 2HE ()
WiE (7 )| 131 54. T 52.8 39,9
UitgEt -
18% (7)Y 185 103.3 80.7  372.6 BEprs4t
LA = g - R - 4 - BAOR) ERINH
(EHIRTD
| # (kgm~2) R (kgm~2)
+ IEH 5 10 20 50 4 10 20 50
47y baRiBGEm2)| 158 3.6 632 158.0| 60.0 150.0 300.0 750.0
B EE () : 3.0 7.5 15,0 37.5
BES |k E (7)) 107 9.7 226 53.21 29.6 723 99.8 107.3
SAE|H B BE (#) 0.1 0.2 0.4 0.3 0.4 0.4 40.0 . 212.0
4 8 = (»)] 50 217 40.2 104.5| 27.0 69.8 145.2 393.2
ERE () 3.0 7.5 15.0 37.5
Bk | & B (~) 6.5 9.2 173 51.3| 340 73.1 8.4 106.3
ikt | o 8 (»)| -05 -05 —-0.4 -05( —-05 -—-02 27.8 1641
4+ # %= (#»)] 9.8 230 463 107.3| 235 69.6 170.8 4421

XS = AR - W - W - k.
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Circulation of Nutrient Salts in an Upland Farming and Dairying Area of

Hokkaido and the Environmental Water Quality

Kunio Ohmura

Elucidating the relationship between the management of the excretions and peripheral water quality on the waters systems of
a dairy farming region. The circulation and balance of nitrogen and phosphorus was evaluated on the model of an upland
farming and dairying area, and the effects of the water quality were investigated by the nutrient salts, outflowing through the
agricultural district. From this investigation a plan was proposed for the purpose of continuing dairy farming that makes the

best use of land and protects the environmental water quality.

1 The Pollutant Load of the excretions from all milking cows raised in Hokkaido in 1990 was estimated to be 224,000 tons of
COD, 60,000 tons of N and 11,000 tons of P. That is, judging from the actual status of the treatment of the excretions, less than
10% of the total excretions was estimated to be released from the industrial system as pollutants to the natural environment.
Judging from the chemical characteristics of the excretions, SS, COD and P of feces were considered to be major
components causing pollution of water, while N of urine is considered to be the major component of water pollution.
Thus, in order to reduce the amount of the pollutants released to the natural environment, it was considered that improving
the recovery rate of excretions from animal pens and promoting utilization of the excretions within the agricultural system were

important.

2 In order to reduce the amount pollutants released to the natural environment, it was considered that improving the recovery
rate of the excretions from the animal pens and preserving to a reasonable scale the breading purpose of excretions management
were important, it seems that the circulation of feces and urine and promotion of the utilization of the excretions within the

agricultural system are necessary.

3 The flow rate of rivers showed a maximum value during the snow-melt period and showed that the percentage of suspended
components was high during both the snow-melt period and the rainy season while the percentage of dissolved components was
high during both the summer season and the dry season.

It was shown that the movement of the Nitrogen component was based on a dissolved form, while on the other hand,

movement of the phosphorus component was based on a particulate form.

4  The same tendency was comfirmed in the correlation between the flow rate and components, and a high possitive correlation
was confirmed in the correlation between the flow rate and components and a high possitive correlation was confirmed between
the flow rate and SS, COD, T-N and T-P, while a high negative correlation was confirmed between the flow rate and EC.
During the snow-melt period and the rainy season, a rise in concentration based on the suspended components was observed
and a drop in the concentration of salts due to dilution effect accompanied by the increase of a flow rate was also confirmed.
" The change in the flow distance of the river was considered to be affected by the difference in the flow rate and the structure
of the riverbank, and the rise in the concentration of components in the flood season was marked in the investigated rivers held
under natural conditions, whereas the variation in the components of water quality was low throughout the year for rivers whose

riverbanks were repaired.

5 The effect of agricultural management on the water of peripheral rivers was evaluated using the model of a dairy farm

region.
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Asa rcsult of analyzing the principal components in the river water, it was explained that the first main principal component
showed pamculated components and the second main principal component showed concentrations of salts, and the accumulated
portion of the first and second components were 35% and 29%: respectively.

Furthcr the proportions of the third and forth main prmClpal components showed seasonal changes, and the artificial
pollution factors were 13% and 9% respectlve]y '

The forth factor componcnt showed a tendency to increase in the peripheries of stockbreeding facilities and pastures during
the snow-melt period or after a rainfall, and it was estimated, Jjudging from the content, that said component showed effects due

to dairy farm related waste water.

6  As aresult of evaluating the Eutrophication due to algae in the water samples of rivers collected at respective points, results
supporting t the foregoing were obtained. v :

Further, it was considered that phosphorus became the limiting nutrient of Eutrophication of the investigated rivers.

It wasi conjectured that in Eutrophication, ‘only urinary sewage with low phosphorus concentration didn't progress and

accelerate based on participated phosphorus with surface wash-off water.

7 The ﬂuctuatlons of rivers in early spring were divided into three patterns, and changes in the quannty and quality of water
during the maxnmum snow-melt period in plain areas were largest.
8 The surface wash-off water generated during the snow-melt period contained nutritive salts and it was considered that the
flow of said wash-off water to rivers exerted a great influence upon the quality of water.

A chaﬁgc of the concentrations of components in the process of the outflow of the surface wash-off water was inclined to be
different according to topography and the presence of vegetation.

The rate of reducing the concentrations of components. increased from, flatland > inclined land and grassland > > naked land
condition.

Thus, in order to keep away water pollutants,it was considered to be |mponant to leave a space for the stockbreeding

facilities.

It is said that the flow of phosphorus can be effectively prevented by locating a buffer zone for suppressing the migration of
surface run- off water.

9 Transf;r of fertilizer components showed that when compared with nitrogen, there was little transfer of the phosphorus
component w1th underground rin-off.

The densnty of nitrogen, showed a tendency to increase from field > paddy field > grassland, corresponding with how much
fertilizer was applied.

Thus, it seems to be important to prevent over fertilization, based on fertilizer and excretions.

10 The quallty of river bottoms, formed by pamculated components fed by surface wash-off water, contained organic soluble
nutritive salts in large quantity and it was estimated that the quality of the river bottom exerted long-term effects on the quality of

water as a supply source of nutritive salts.

11 The cu'culatlon of nitrogen and phosphorus in an agncultural system, and the outflow of them from the system, were
examined in! an upland farming and dairying area.

The bregkdown of the nitrogen input in cultivated lands is as follows.

Input of nitrogen of the model block district (202ha) was 33,577kg for a cultivated field,7% due to rainfall, 37% due to
chemical feﬁilizers. 48% due to the reduction of feces and urine and 8% due to nitrogen fixed by leguminous pasturage. It is

estimated that 65% of the nitrogen is absorbed and utilized by crops, while 10% flows out from the system, 4% disappears by
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volatilization and a part of the rest seems to be preserved by the soil.
On the other hand, the nitrogen input in the feeding of live stock was 24,754kg, 32% from purchased feed and 68% from
self-supplied feed including grazing. ' '

The nitrogen output breakdown in this case is as follows : 21% in cow's milk, 36% in feces and 35% in urine.

12 The major portion of phosphorus input is due to fertilizers.

Its breakdown is as follows : Input of phosphorus (202ha) was 12,159g for a cultivated field, almost 76% due to chemical
fertilizers and 24% due to the reduction of feces and urine, 24% of the phosphorus is absorbed and utilized by crops , 2% flows
into surface runoff water and most of the balance is seemingly fixed in the soil.

On the other hand, the phosphorus input in the feeding of liverstock was 3,830kg, 40% from purchased feed and 60% from
self-supplied feed. )

The phosphorus output breakdown in this case is as follows: 22% in cow's milk , 80% in feces and less than 1% in urine,

showing a high ratio of feces.

13 The amount of nitrogen that flows out of the system, during a year is 3,837kg, 88% due to the land systems (27% to
grassland, 56% to field, 5% to forest and wilderness), 11% due to livestock systems, and 1% to life systems, having a high ratio
of percolated water .

The amount arriving to the rivers corresponds to 1,743kg, 46% of output,suggesting that farm land has an effective

purification function through crops and soil.

14 The amount of phosphorus that flows out of the system during a year is 289kg, 93% due to the land systems, ( 30% to
grassland, 60% to field, 3% to forest and wilderness).
Compared with nitrogen, the amount of phosphorus flowing into the riveris small, and the major portion of it is due to

surface run-off water.

15 An optimum application of cattle feces was studied in consideration of growing grasses and elements of grass in vivo.

When applied abundantly under the dry-lot conditions, the outflow of nitrogen was noted to be at higher concentrations, the
increase of density at 10kg/m® was low, but high-density nitrogen was found at 50kg/m?.

On the other hand; the effects of sprouting and growth of grass have not been clearly known.

Meanwhile, under dry-lot conditions, the allowable limit for maintaining water quality was considered to be about 10t/10a.

16 On the other hand, the effect of cattle urine applied on the growth of grass and internal elements of grass was noted, either
one of them being defined as follows : In consideration of the quality of the grass as feed, the amount of application ( volume to
maintain optimum quality) was 4t/10a ( equivalent to 20kg/10a of N ), and the allowable limit to maintain growth of the grass
was 10t/10a ( equivalent to 50kg/10a of N ).
Further, when urine was used abundantly, outflow of nitrogen at higher concentrations was noted even in the grassland, thus
the allowable limit for maintaining the water quality was considered to be about 10t/10a ( equivalent to 50kg/10a of N ).
Meanwhile, under dry-lot conditions, outflow of nitrogen was noted at higher concentrations, and it was considered that

urine should not be applied to vegetated conditions.






